Abstract. Measurement of vascular angle is a key step in quantitative analysis of immunohistochemistry. This paper presents a method for automated measurement of vascular angle in immunohistochemical images of liver cancer. Firstly， Colour Deconvolution is used to conduct stain separation on a H&E-stained immunohistochemical image，and then blood vessels are segmented using an improved Otsu algorithm. Then the standard SURF algorithm is used to select feature points of the image, and then these feature points are divided into two equal groups according to the distance between individual feature points and the far left (or right) feature point. Finally, a standard least squares method is used to fit two lines using the two group of points. When the linear deviation of the fitting result based on the two groups of feature points is significant, it is necessary to adjust the belonging of the points of the two groups, and then the two sets are fitted again respectively till the correlation coefficients of the two fitted lines are greater than the predefined threshold, meaning that the measurement of the blood vessel angle in the immunohistochemical map is completed. In the experiments, 45 liver cancer images are used, where about 600 vessels are extracted. Compared with the experts' results, our proposed technique results in better accuracy. It is worthy to point out that, to our knowledge, our system is the first one that conducts automated measurement of blood vessel angle of immunohistochemistry.
Introduction
Modern medicine shows the occurrence of liver cancer is a multi-factor, multi-step biological process. The proliferation and metastasis of liver cancer cells relies on the growth of new blood vessels. The development of blood vessels and liver cancer's growth, infiltration and recurrence are closely correlated. Clinically, when liver cancer progresses, vascular segments may become irregular and displaced, and liver capillaries can be deformed (e.g. hook-shaped). Therefore, we need to develop a method to identify the deformed blood vessels and then calculate the vascular angle. The stage immunohistochemical(IHC) technique [1] has been used to improve the accuracy of the clinical pathological diagnosis, and become an important evaluation standard for differentiating benign and malignant tumors. However, the current automated IHC analysis method is not enough to solve all the morphological problems of blood vessels, when only statistical information such as a blood vessel's length, area, aspect ratio and so on. At present, there is no system that can reliably calculate vascular angles, which is affected by individual subjective factors only. Therefore, the automated angle measurement algorithm proposed in this paper is of great significance as it helps understand the growth and metastasis of malignant tumors.
Immunohistochemistry is the core technology in biological image analysis, and the improvement of biomedical image processing technology has promoted the development of the automated analysis tools of IHC images, which is of great significance for a pathologist to identify disease related biological activities. In case staining agents are uneven or image noise is severe, accurate extraction of vascular structures for auxiliary diagnosis becomes challenging, which will significantly affect the accuracy of subsequent quantitative analysis. Because IHC images accompany a variety of colorants, traditional methods cannot be used directly to achieve the purpose of accurate segmentation. For example, Ref.
[2] reports a method of using R\G\B components and color difference as a basis for the division. However, due to the strong correlation in the three color space R\G\B, it is difficult to achieve color separation for immunohistochemical positive, negative and background using the RGB color model. Some scholars have transformed the RGB color model into a HSI model [3] or a CMYK model [4] for multi-color image segmentation, but these methods rely on the thresholding setting, which can easily lead to the loss of a large amount of information. In order to solve the problem of separation of various colors in the IHC image, Ruifrok proposed a method of color deconvolution [6] to separate different colored tissue components and form multiple single-color images. Recent research reports show that, on the basis of color separation, an appropriate segmentation algorithm can be used to achieve the purpose of separating various structures accurately [6] .
Blood vessels have tree-like shapes, and some of them look like slender lines or tubes. The shape of a blood vessel determines the characteristics of image segmentation. There are many ways to divide blood vessels, but to our knowledge no method has been available to handle different environments. In [7] , a new approach was proposed to detect the edge of a blood vessel by analyzing the pixels perpendicular to the tracked image point. The disadvantage of this algorithm is that people need to assign a starting and an end points. The maximum variance algorithm proposed in [8] has a good effect on the segmentation of images. The basic idea is to rendering the best threshold for the staining separation, which is not affected by the brightness of the images and the gray levels.
In the analysis, feature extraction and matching of images is very important. Commonly used feature extraction and matching algorithms include SURF [9] and SIFT [10] . The main advantage of the SURF algorithm is to keep the robustness of SIFT and to reduce feature detection time greatly. This algorithm is actually an acceleration version of the standard SIFT algorithm, but also has reduced computational time.
The image registration method proposed in this paper is using image features. In general, this paper introduces a method for automated identification of blood vessels. This method, based on the selection of the characteristic points of images, performs line fitting and then derives the angle between lines to represent the deflection of a blood vessel.
Method
According to the characteristics of IHC images, our proposed algorithm includes the following steps: Firstly, a multi-colored IHC image passes through the Color Deconvolution step [6] , then the corresponding single colored image is obtained. An improved OTSU algorithm [8] is used to obtain coarse image segmentation of potential vessels, then the smoothed t boundaries and holes is solved through morphological processing. The standard SURF algorithm is used to extract feature points of the potential blood vessels, and a least square method [11] is used for fitting points of clouds to determine the position of two straight lines. Finally, using the common geometric relationship, we can calculate the vascular angle.
Fig. 2. Flowchart of image preprocessing and angle calculation

Linear fitting
In practice, it is not trivial to calculate the angle between two fitted lines from the extracted feature points of blood vessels due to the clutters and image noise. To solve this problem, we use the following method:
We extract the coordinate information of feature points of blood vessel, and number all the N feature points： (1) According to the coordinate positions of the feature points, we randomly choose the first endpoint, denoted as 1 When N is an odd number, the feature point with the number ( 1) 2 N + is the marked point. However, when N is an even number, N/2 or (N/2)+1 is taken as the marker. The N feature points of the blood vessel are divided into two equal sets 1 
S and 2
S (when N is an even number, 1 S
The least square fitting is performed to obtain two straight lines 1 
line fitting again. If the correlation coefficient ρ becomes smaller, the marked point moves to the opposite direction, leading to 1 The processing steps of the proposed linear fitting scheme can be found in Fig. 3 . 
Proposed Framework
Step1: Staining separation The color deconvolution algorithm [6] is to obtain independent information for each color. In order to get a correct color absorption factor, the orthogonal transformation of the RGB is needed, which can be achieved by the color deconvolution method.
Step 2: Segmentation Based on the empirical exercises, mean variance of immunohistochemical images shows much irregular changes. The traditional Otsu algorithm cannot handle this challenge. In this paper, the optimal threshold criterion function of the improved Otsu algorithm is:
Step 3: Feature extraction The extraction of SURF feature points can determine the location of interest points through calculating the Hessian matrix determinant of the local extreme points. The SURF algorithm [9] uses the box filter instead of the Gaussian, and introduces an integral image, which greatly improves the operation speed and accuracy. In light of the convolution operation of the box filter, the results include determinants Dxx, Dxy and Dyy. Thus, the determinant of the Hessian matrix can be reduced to: 
Where W is the weight coefficient, which is appropriately given as 0.9. In accordance with the approximate calculation method of the determinant of the Hessian matrix, the response in the sigma scale is gained.
Step 4: Linear fitting Linear fitting is commonly achieved by a least square method, which aims to work out the linear relationship between the inputs and the parameter sets. When "deviation square sum" between the test data points and the fitting line is the least, the best fitting straight line is obtained.
In statistics, the correlation coefficient is used to measure the degree of correlation between the degree of closeness.
In the above formula, = arctan 1
Where k1 and k2 were two straight lines.
Experiments and Results
In this paper we study the IHC images of 4 grades of liver cancer, each of which contains 20 cases. The samples come from 82 patients with liver cancer surgery in the Affiliated Hospital of Nantong University from January to September 2016. There were 68 males and 14 females, aged from 31 to 70, with an average age of (54.7 ± 10.5) years. No interventional therapy has been applied before the operation.
All of them had CPA examination within one week before the surgery, and postoperative pathology and immunohistochemistry after the surgery. All the pathological sections were treated with CD34 monoclonal antibody, H&E staining and IHC staining, whilst IHC shows positive, and we adopted a Olympus DP27 camera, which has the exposure time of 1/260 seconds, the horizontal and vertical resolution is 72dpi, and the image size is 1224×960 with 400×magnification.
Clinically, according to the different levels of cell differentiation, malignant tumors are often divided into three groups: high differentiation, differentiation, and undifferentiated. Highly differentiated tumors: the differentiation degree of tumor cells is high, and the deflection of blood vessels is not obvious, falling between 135-180 degree.
Moderately differentiated tumors: the degree of differentiation of tumor cells is low, and there are some changes to the deflection of blood vessels, falling in 105-135 degree.
Poorly differentiated tumors: the degree of differentiation of cancer cells is lower, and the angle of deflection of blood vessels is obvious, most of which are between 75-105 degree.
Each stage of the clinical study is conducted by the single factor analysis of variance. Bivariate correlation analysis is performed in different pathological stages. The t experiment is performed to compare the differences in a group, and the variance analysis is used to compare across groups, where P < 0.05 indicating statistical validity. All the data is analyzed using SPSS10 for windows.
IHC image preprocessing
The method designed in this paper is mainly used for IHC vascular angle measurement. For the stained IHC image, it is necessary to separate the brown blood vessels from the background cells. The extraction of blood vessels is performed by using the classical color deconvolution method. Fig. 4 shows the color differentiation one step by one step.
Well-differentiated image deconvolution processing
Moderately differentiated image deconvolution processing Poorly differentiated image deconvolution processing Fig. 4 . Color deconvolution for color sepration.
Improved OTSU algorithm
The determination of segmentation thresholds is the key factor to determine the accuracy of feature extraction by analyzing the characteristics of the gray histogram of the image and combining with the improved OTSU algorithm mentioned above. and (c) were obtained using percentile [12] , shanbhag [13] and Otsu methods [8] , respectively
It can be seen from Fig. 5 , after the series of image processing, immunohistochemical images only contain the characteristic area of blood vessels (the target feature) and the background area. After a binary operation, we obtain Fig. 6 . It can be seen that the immunohistochemical vascular map created by the improved OTSU method has good connectivity and high signal-to-noise ratio, which is an effective in this case. 
Feature extraction
In order to ensure the usefulness of the feature points and eliminate other interference, it is necessary to denoise the image after the Otsu thresholding process. We use the standard SURF algorithm [9] to deal with the results of the three pathological stages as shown in Fig. 7 . 
Least square fitting
In practical applications, the ration of the length and width of a blood vessel is normally 5 or higher. After having applied the standard least square method, we have the results shown in Fig. 8 . Fig. 9 , if the marked point is moved to right, the fitting line's deviation increases significantly, therefore we continue to move the marked point to the left. This results in Fig. 10 . Fig. 10 . When the correlation coefficient is reduced, we move the marked point to the opposite direction and then re-fit the line.
By calculating the linear correlation coefficient, we can see that the deviation of the line fitting is dramatically reduced and the position of the marked point moves. We will obtain Fig. 11 . Fig. 11 . When the correlation coefficient increases, we move the marked point in this direction and then re-fit the line.
By changing the position of the marked points, we optimize the linear fitting. According to the geometric relationship of the plane, the angle/deflection of a blood vessel can be calculated. However, there are some errors in the fitting of the feature points, and this needs to be investigated in the future work.
According to the geometric relationship within the plane, the angle of the blood vessel can be calculated accurately. However, there are some errors in the fitting of the feature points and the least squares method, and it is not easy to observe in the statistical analysis. Therefore, the method of classifying the blood vessel angle in each image is calculated so as to analyze the result by using the statistical principle.
In the three groups of liver cancer IHC images (about 20 cases were studied), the following statistics are derived: of P is a probability, which reflects the probability of occurrence of an event. Statistics based on the significance of the P value obtained by the significance test, the general P < 0.05 is significant, P < 0.01 is very significant, among them, (a) p < 0.0001; (b) p = 0.0026; (c) p < 0.0001; (d) p < 0.0001.
The explanation of P value greater than 0.05 is not that the test factors have no effect, but can not yet determine the test factors have a role. The meaning of the P value is simply that the source of the difference is the possibility of sampling error (random error). Usually the definition of P is less than 0.05 that have statistical significance, meaning when the possibility of differences can be used to explain the sampling error of less than 5%, we would think that this has nothing to do with the sampling error, but caused by the factors of the test. The results of Fig. 12 show that the experimental results are statistically significant, and the method proposed in this paper can produce reasonably correct vascular angles.
Conclusion
This paper introduces a new method of measuring vascular angles as the indicator of different stages of liver cancer. IHC images of liver cancer were processed through Color Deconvolution to separate blood vessels and cells. The feature points of the region of interest were extracted using SURF, fitted by a least square method. Most of the blood vessels shown in the IHC images satisfied the requirements. However, for a small number of complex blood vessels, the use of the current method cannot produce satisfactory results. In the future work, we intend to closely look into the segmentation stage, whilst removing the image background noise. We also compare our proposed method against the other state of the art technologies.
